The presence of unidentified growth factors in fish solubles has been postulated for more than a decade ( 
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and was representative of good-quality condensed herring solubles, as commercially available. It was added, at the expense of whole diet, at a :eve1 of j % except in three early experiments when 3 was used. Fractions were incorporated at levels equivalent to 5 % original solubles. I n the earlier experiments ,3enicillin was added at the rate of 25 mg/kg diet. This is considerably in excess of 1 he amount needed to give maximal growth response, and so in later work the level was reduced to 10 rng/kg. There was no difference in the magnitudes of response to the two doses, and the results with both have therefore been treated together.
Preparation of fractions 'To separate water-soluble from insoluble material, in the eariy experiments the intact herring solubles were mixed with an equal volume of tap water. The diluted solubles were then either passed through a cream separator or spun in a centrifuge at I I jo g for 45 min. T o avoid the fatty material appearing in the supernatant layer, in later experiments the fish solubles were freeze-dried and extracted with either light petroleum (40-60") or chloroform-methanol 2: I . The dried extracted residue was then blended with ten times its weight of water and separated in a centrifuge as before. The supernatant layer was freeze-dried and the residue mixed with a little water to facilitate incorporation into the diet.
Arrangement of experiments
There were two sets of experiments with normal chicks and two sets with depleted chicks. With each type of chick the two sets of experimen:s consisted of those in which the basal diet was all-vegetable and those in which the r.orma1 type of basal diet was used. The experimental groups usually contained from eight to twelve chicks and were replicated whenever possible ( Table I) . 
Statistical analysis
The analyses of variance were carried out for mean weights of chicks at 4 weeks of age. For depleted chicks receiving the normal diet the three imposed treatments were https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19640041
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equally represented in each experiment, but in the other chick categories the treatments were not equally represented (see Table I ) and results were analysed by least squares methods appropriate to non-orthogonal data. Differences between treatment means were tested for significance by the multiple-range test (Duncan, 1955 ; Kramer, 19 j7).
R E S U L T S
We present in Table z the mean values and their standard errors for all treatments and the results of significance tests. Treatment effects, that is, differences from values obtained with the basal diet, are given in Table 3 . In experiments with depleted chicks on vegetable-protein diet, all supplements caused significant increases in weight relative to those on the basal diet. Both fractims of solubles were equally active, to the extent of about half that of the original material. The growth effect of the solubles (20.6 g) was similar to that of penicillin (20.2 g); when solubles and penicillin were given together, their combined effect (39.4 g) was approximately double that due to either alone. Depleted chicks on normal diet showed a marked response to fish solubles (39-3 g), and the growth response to penicillin (15.7 g) was also significant but less pronounced.
The results for normal chicks show that the addition of fish solubles to either the normal or the vegetable-protein diet significantly improved gains in weight (30.6 and 20.1 g respectively), but the effects of penicillin (13-4 g with normal diet and 10.1 g with vegetable-protein diet) were less marked. The perwillin effect on normal chicks receiving vegetable-protein diet failed to reach significance, but this finding is based on the evidence of only one group. When both supplements were added to the normal diet, their combined effect (42.9 g) was approximately the sum of their separate effects (4.0 g).
Of the twenty-eight experiments done with depleted chicks given the vegetableprotein diet, eleven permit comparison between the effects of fish solubles and of penicillin. Examination of these results shows a striking similarity between the magnitude of the growth response to fish solubles and to penicillin in any one experiment. This relationship is illustrated in Fig. I . ; ; : t The results reported here add further evidence that fish solubles can increase the growth of chicks given diets believed adequate in all known essentials. Our finding that the activity is about equally divided between fractions soluble and insoluble in Barnett & Bird, 1956 ); others have shown that depletion of the hens had no effect on the response of their progeny to unidentified growth factors (Sunde, Vedvik, Bruins & Cravens, 1952; Lillie et al. 1953; Fisher, Scott & Hansen, 1954) . T h e results of our experiments with normal birds suggest that the growth-promoting effect of fish solubles did not depend on a state of depletion of any factors associated with animal protein. Nor, surprisingly, did it depend on the absence of animal protein from the chick's diet, since normal and depleted chicks both grew significantly better when the normal diet was supplemented with the solubles; in fact the magnitude of response was greater on the normal than on the vegetable-protein diet (see Table 3 ).
It is now generally accepted that dietary antibiotics increase growth through an effect on the intestinal microflora. The idea that fish solubles may also influence organisms in the gut has arisen because there is some similarity between the pattern of response to fish solubles and that to antibiotics. For instance, in the course of 3 years' work, Barnett & Bird (1956) reported a range in growth effect of fish solubles of from -10 : L to + 46 : / o, and also noted that small responses appeared to arise when chicks not given supplements grew well and, conversely, that large responses were associated with relatively poorer growth. During our work we also gained this impression, but were unable to establish the relationship with full confidence; in the twenty-eight experiments with depleted chicks given vegetable-protein diet, the correlation coefficient between the weights of the chicks given the unsupplemented diet and the magnitude of the response to fish solubles was -0'315 ( P = 0.1). I n the experiments of Barnett & Bird (1956) the loss of response to fish solubles occurred in their laboratory at about the same time as the disappearance of the growth-promoting effects of antibiotics. Further, the response to fish solubles was restored when the birds were given chick droppings in the diet, because the weight of the groups not receiving fish solubles was thereby depressed. This apparent analogy betwcen the effects on growth of fish solubles and of antibiotics seemed to deserve further study,
